flammation is not known, but endoscopy, structured symptom indices, and biomarkers may be valuable approaches. The fourth key to maintenance treatment is optimizing immunomodulator therapy with thiopurines, and possibly methotrexate in the future. The fifth key to maintenance treatment in ulcerative colitis is maintaining biologic efficacy by avoiding low trough levels and being vigilant for subclinical inflammation and symptom recurrence at the end of dose intervals. Combination therapy with immunomodulators improves trough levels in Crohn's, and may prove to have benefits for the maintenance of biologic efficacy in ulcerative colitis.
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Dig Dis 2010;28:483-489 484 when they have been in remission for some time. Third, flares are difficult to predict, and current practice is not very successful in identifying subclinical inflammation and intervening before clinical flares occur.
This paper will present five keys to maintaining remission in ulcerative colitis: (1) Use effective therapies, and encourage patients to use these rather than various unproven and questionable forms of 'alternative' medication. (2) Achieve adherence in patients, or hold an open conversation about adherence and drug holidays. (3) Monitor for subclinical inflammation, which can provide an opportunity to intervene therapeutically. (4) Optimize thiopurines when these are used. (5) Maintain biologic efficacy once biologics are started in ulcerative colitis.
Using Effective Therapies
There are five main proven therapies for ulcerative colitis. These include sulfasalazine, 5-ASA medications, thiopurines, infliximab, and colectomy. Despite the known efficacy of these approaches, and published randomized controlled trials for the medical therapies, patients still pursue much-hyped alternative therapies, including fish oil, probiotics, 'immune control' diets, and low-dose naltrexone.
It is important to share with your patients the data on the efficacy of proven therapies, and contrast these with the lack of data for 'alternative' therapies. This approach helps patients understand why particular medications are used, how effective they will (and will not) be, and the importance of clinical trials to identify more effective therapies. Many patients assume that prescribed medications should and will be 100% effective in maintaining remission, and when this expectation is not met, their physician and the medical profession loses credibility. It is important to present the limitations of our current medications, which do not maintain remission in all patients, leading to a lifetime colectomy rate of ϳ 30%.
The data to support the use of sulfasalazine and 5-ASA medications in ulcerative colitis is summarized in the Cochrane review of this topic [1] . Sulfasalazine or 5-ASAs are about twice as likely as placebo to produce global improvement or remission in ulcerative colitis. Adding rectal 5-ASA formulations for patients with left sided disease, particularly during mild flares, can be quite helpful. Financial considerations may move many patients to try sulfasalazine, and third-party payer pressures may require patients to fail sulfasalazine before they can get 5-ASAs.
Thiopurines have been tested for ulcerative colitis in several small studies, and found to clearly be steroid sparing [2] , to have a higher rate of remission versus 5-ASAs [3] , and to have sustained benefit from continuing azathioprine [4] . Infliximab has been tested in two large trials [5] and been found to be more effective than placebo for induction and maintenance.
Cyclosporine, while used as a rescue therapy, is generally used to bridge patients to thiopurine maintenance. Colectomy is also an important therapeutic option which can dramatically improve quality of life in patients with ulcerative colitis [6] . It is important for clinicians to take the long view of therapy, especially in young patients. It is important not to create a fear of colectomy, as ϳ 30% of patients will need colectomy at some point.
It is reasonable to present sulfasalazine and 5-ASAs as first-line maintenance in most patients, and either thiopurines, infliximab, or colectomy as second-line therapy. Some patients may choose colectomy early (due to family history of CRC and/or lymphoma), others may prefer thiopurines (convenience of oral therapy), and others may prefer infliximab (largest clinical trials data). It is important to identify an effective maintenance strategy for each patient that they will be willing to adhere to, as they may need to continue on maintenance therapy for more than 60 years.
Achieving Adherence
It is an unfortunate truth that most patients lie to their doctors. The majority of patients with ulcerative colitis will be non-adherent to prescribed therapy, and will not tell their gastroenterologists. Non-adherence is intentional in many patients, and some will not disclose their non-adherence even when they know their urine will be tested for metabolites [7] . Pharmacy records have demonstrated that more than half of patients are non-adherent to their 5-ASAs for ulcerative colitis, and that this significantly increases the risk of flare and increases medical costs [8] .
Patients have a number of reasons for not taking their medications, but approximately equal numbers are unintentionally non-adherent and intentionally non-adherent. Patients who are unintentionally non-adherent often forget to take their medications, or to get their refills, have trouble paying for them, or have other demands in their lives that interfere with their ability to meet the organizational challenge of taking pills every day. More difficult are the patients who are intentionally non-adher-ent. These patients often do not believe the medications work, do not have faith in their doctor's credibility, often adjust the doses of their own medications, think the side effects outweigh the benefits, and do not want the daily reminder that they have a chronic illness.
Why do patients not believe that 5-ASAs or other medications work for their ulcerative colitis? First, they have an incentive not to believe that these medications work. Patients want to be 'cured'. They want to no longer need medications, to no longer have a chronic illness. They do not want to accept the sick role, and do not want to take medications (and thereby show a flaw) in front of others. This leads them to frequent testing behavior. They test whether they 'still have ulcerative colitis', whether they 'still need the medication', and whether they can skip doses. The overwhelming majority of ulcerative colitis patients have skipped doses at some point. Unfortunately, due to the waxing and waning nature of the disease, and the slow washout of medications, they often do not suffer any consequences of short-term non-adherence. This convinces patients that (1) they can stop their medications, (2) their doctor, who has been preaching medication adherence, is wrong, or (3) their ulcerative colitis could have gone away. This outcome is consistent with the results of studies by Kane and colleagues [8, 9] , which showed a low rate of flare in the first three months of nonadherence. Unfortunately, this outcome both reduces the credibility of the physician, and promotes more non-adherence. So what factors affect non-adherence, and what interventions can improve adherence?
Kane has shown that factors that predict non-adherence are: being young, single, male, mentally ill, having no recent flares, heavy pill burden, perception of lack of benefit and feeling uninformed about the effect of medication, and having a high co-pay (an amount a patient seeking care must pay and which is not reimbursed by medical insurance) [9] . Chernew et al. showed that lower co-pays could increase adherence to statins, ACEi, ARBs, and beta blockers [10] . Many interventions have been tried to promote medication adherence in chronic diseases, but most only work in the short term (1-3 months). This short-term benefit may be due to the Hawthorne effect, whereby observation of adherence promotes adherence. Unfortunately, this effect wears off quickly unless new forms of observation or adherence interventions are made frequently.
In the United States healthcare system, one novel strategy that might be effective in ulcerative colitis is to lower co-pays, or even to pay for adherence (P4A). Adherence could be monitored using MEMS caps, which are embedded with a microchip that records when the bottle is opened. For patients with 1 80% adherence to their prescribed regimen, they could receive an immediate bonus payment of USD 20 when they pick up a refill (rather than a co-pay). Monetary incentives for adherence might, at the right price point, reduce flares and net costs in ulcerative colitis. However, prospective studies of this strategy, including testing of the optimal incentive (or a Las Vegasstyle variable), are necessary before this approach can be adopted.
A more immediate approach is to maximize physician credibility and accurately present the data on adherence and outcomes. As seen in figure 1 , patients who are nonadherent to their 5-ASAs have a 59% rate of flare at one year. Many patients will perceive this in the reverse manner: I can go off this medication for a year, and still have a 41% chance of not having a flare. This is an important discussion to have with your patients. The risk of flare increases over time, but many patients can go off their medications for months with no ill effects. If the physician does not explain this, and patients discover it for themselves (while physicians are preaching perfect adherence), this can lead to a major loss of credibility.
Similar data exist for thiopurines, and Treton et al. advocate sustained thiopurine use because thiopurine withdrawal is associated with eventual flares. However, the rate of flares is relatively low in this selected group of patients with sustained remission after more than three years on thiopurines [11] . Eighty-six percent are still in remission at 1 year after stopping the medication, 47% at 3 years, and 37% after 5 years of non-adherence ( fig. 2 ) . It is important to explain this to patients, and to tell them that while adherence is important to reduce flares, steroid use, hospitalizations, costs, and colectomies, non-adherence does not result in immediate negative feedback.
It is important to ask your patients to be honest with you about their non-adherence. They are often greatly encouraged to be open and honest if you disclose the results of the Kane and Treton studies, as these often match their experience of trying to stop their own medications. It helps patients to disclose their non-adherence if you ask questions in a way that gives them permission to be nonadherent. For example, preface questions about non-adherence with, 'most patients miss doses of their medications', or 'very few patients take all of their medications on time'. It can also be helpful to overestimate non-adherence. For example, ask 'Have you missed more than half of your doses this month?' will help a patient disclose that they have only missed 30% of their doses. This identifies a problem that patients often have great difficulty disclosing to their doctors.
It can help build credibility to predict the future for patients. Tell them that they will test whether they really need their meds, and that they will not flare immediately, but that eventually they will flare. Be honest with them about the limitations of current medications, and that short-term non-adherence may not lead to rapid flares. You should then ask them to be honest with you, and tell you if and when they will change their medication dosing or adherence, and to discuss it with you so that you can monitor them more closely when they are off medications. There are important risks of serious flares, but these can be reduced if they are recognized and treated early. It is critical to ask patients to commit to notifying their physician as soon as they start to have symptoms of a flare if they are on a 'drug holiday'. Only very reliable patients willing to have close monitoring for inflammation are appropriate for 'drug holidays'. A realistic approach to maintenance in ulcerative colitis advocates for adherence, but recognizes that patients will be non-adherent, tries to maintain physician credibility, and negotiates for honesty, full disclosure, and immediate notification of the physician when symptoms occur while off medications.
Monitoring for Subclinical Inflammation
The third key to maintenance in ulcerative colitis is to carefully monitor patients for subclinical inflammation. This is in order to prevent future flares and reduce the risk of future colorectal cancer. The options for monitoring patients include: clinical symptoms, biomarkers, endoscopy, and imaging.
When monitoring clinical symptoms, patients are rarely forthright and concrete. Many patients tend to minimize symptoms, or state that they are doing 'the same', assuming that their doctor can assess the status of their colon from that statement. It is important to obtain a structured, detailed description of symptoms that is consistent at each visit, so that subtle changes in symptoms can be detected. The number of bowel movements (liquid or solid) in 24 h, the form of the bowel movements, the contents (including blood and mucus) and quantities of blood are all important. The effects on energy level, sleep, naps taken, and functioning at work and in social situations are important for assessing general health. Appetite, changes in weight and stamina are important for assessing chronic changes. Rectal function can be assessed with questions about urgency (in minutes), tenesmus, detection and control of rectal gas, and incontinence. Abdominal versus rectal pain, bloating, and discomfort, while non-specific, are important to patients and can suggest a change in disease activity. A structured instrument like the Simple Clinical Colitis Activity Index [12] can be self-administered by the patient and can start a detailed, concrete conversation with the physician about symptoms.
More objective measures are often used, and at times the complete blood count, mean corpuscular volume, albumin, C-reactive protein, and sedimentation rate can be valuable. However, these have relatively few prospective studies of their value for predicting future flares, and have poor correlation with endoscopic or histologic in- flammation. Endoscopy and imaging can be helpful, but they are invasive and expensive, making them difficult to use to monitor patients frequently. Endoscopy is often reserved for patients not responding to therapy or before big decisions (change in drug class, colectomy) are made. Recent data have provided a basis for using fecal biomarkers for monitoring subclinical inflammation. Fecal calprotectin and lactoferrin have a high correlation with endoscopic findings (0.7-0.8), and recent data have suggested that they have predictive value for future clinical flares in the short term. Gisbert showed that for patients with ulcerative colitis or Crohn's disease, the negative predictive value of a fecal calprotectin ! 167 was 100% at 12 weeks [13] . Being able to state that a patient will not flare in the next 12 weeks is a powerful prognostic ability that is new in ulcerative colitis, and may affect how we discuss maintenance and adherence with patients. This potentially could allow monitoring of inflammation regularly, like glucose levels and the hemoglobin A1c in diabetes mellitus. It could help identify patients who can safely take 12-week drug holidays, or even lead to intermittent, as-needed therapy directed by levels of pre-clinical inflammation. This approach would require prospective validation, and patients who are reliable and willing to handle stool. Monitoring of subclinical inflammation does provide a new opportunity to intervene before clinical symptoms occur. This strategy can be effective for reliable patients, given inexpensive, non-invasive tests with a durable negative predictive value for a future flare.
Optimizing Thiopurines
Given the limited second-line options for ulcerative colitis, it is important to maximize the value and durability of each option. Thiopurines require careful management because of their limited therapeutic index. A measurement of thiopurine methyltransferase (TPMT) phenotype is recommended for each patient prior to initiating therapy. This is helpful to identify both patients with low TPMT ( ! 4), who may have significant bone marrow suppression in the first eight weeks of therapy, and those with high TPMT ( 1 25), who are less likely to respond to thiopurine therapy.
Once the medication is started, optimizing the dose can be done in two ways. Many practitioners have tried to use metabolite levels of 6-TGN and 6-MMP to guide dosing, but have found them disappointing. This is illustrated by Osterman et al.'s meta-analysis, which found that metabolites have a sensitivity of 62% and a specificity of 72% for clinical response [14] . More traditional approaches use patterns in the complete blood count and chemistry panel. Our group has found that these patterns can be identified with machine learning, and that this approach has an accuracy of 86% for clinical response, compared to 59% accuracy of metabolites in the same patients [15] . This approach is being prospectively tested as a way to guide dosing, and could be available as an internetbased calculator in the future.
For patients with high TPMT levels, adjunctive allopurinol has been used to shift the metabolism of thiopurines to produce more 6-TGN. When combined with significant dose reduction of thiopurines (i.e. 50 mg azathioprine or 25 mg 6-MP daily) this can produce substantial clinical improvement [16, 17] , but may lead to increased risk of infection [18] . Our group recently reported a series of infections, including two cases of shingles, and cases of viral meningitis, Epstein Barr virus, and pneumocystis pneumonia in 27 subjects with IBD who had used a combination of thiopurines and allopurinol. A lowered absolute lymphocyte count (median 200 per mm 3 ) was associated with infectious outcomes. In order to optimize thiopurines in ulcerative colitis, it is important to: know your patient's TPMT enzyme level and adjust dosing accordingly, optimize dosing using patterns in standard laboratory tests, and consider very limited use of allopurinol in only carefully selected cases. We are still learning how to use allopurinol with thiopurines, and it may be best evaluated in clinical trials with very close monitoring.
Maintaining Biologic Efficacy
Since infliximab is currently the only approved biologic for ulcerative colitis, it is critical that patients on infliximab derive the maximum benefit for the longest duration possible. As a general rule in Crohn's disease, more than 60% of patients who start a biologic will have discontinued that medication within two years. Similar results are seen in ulcerative colitis. It is believed that most treatment failures are due to rapid drug clearance. This is accelerated with intermittent therapy, and patients must understand the dangers of canceling or delaying infusions. This process is illustrated in figure 3 . Patients begin to have an immune reaction to the drug, start to clear the drug more rapidly after each infusion, develop low trough levels, then develop subclinical inflammation, and eventually develop clinical symptoms at the end of their infliximab interval. The key question is whether we can identify these patients early, and intervene to produce better outcomes. There is a paucity of data in this area, but it may be reasonable to start with whether we can detect these patients before they develop clinical symptoms. Without a doubt, clinical symptoms in the week before infusion, or earlier blood and stool biomarkers can detect subclinical inflammation in ulcerative colitis and predict future flares, so that is a possible point of intervention. A dose increase, decreased interval, or addition of a thiopurine (if not already used) concomitantly with the infliximab could be helpful in avoiding or delaying a clinical flare. The minimum dose for preventing rapid infliximab clearance is unknown, but it may be less than the therapeutic dosing of 2.5 mg/kg.
We might be able to identify problems at an earlier step in the pathway, by monitoring trough levels, and acting on these. A 3T (Treat To Trough) strategy, in which dosing would be adjusted to achieve a target trough level, before clinical symptoms occur, needs prospective testing, but has promise. These approaches could help maintain a therapeutic level of biologic in more patients, and preserve the durability of response.
A more speculative approach to this problem earlier in this pathway would be to use biologic mechanisms to induce tolerance to the biologic, and pre-empt the rapid clearance process. This might be done with daily nasal sprays of low doses of biologic combined with a cytokine that would induce a tolerogenic response (i.e. interleukin 10 or transforming growth factor ␤ ).
Conclusions and Future Directions
The five keys to maintenance in ulcerative colitis are to use effective therapies, to achieve or negotiate adherence with each patient, to monitor closely for subclinical inflammation, to optimize thiopurines, and to maximize the durability of biologics. In the future, we may have better prognostic tools to predict flares, and may be able to plan immunosuppressant drug holidays with our patients. These could provide opportunities for optimal vaccination, and for immune surveillance of dysplasia before resumption of immune suppression before clinical flares occur. New strategies, which may include closer monitoring of preclinical inflammation and trough levels, are needed to sustain the durability of biologic efficacy. Above all, we need to share the data we have with our patients, and explain the limitations of our current therapies, so that patients do not have over-inflated expectations, and so that they understand why further clinical trials are needed.
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